Abstract Climate change driven alterations in the distribution and abundance of marine species, and the timing of their life history events (phenology), are being reported around the globe. However, we have limited capacity to detect and predict these responses, even for comparatively well studied commercial fishery species. Fisheries provide significant socioeconomic benefits for many coastal communities, and early warning of potential changes to fish stocks will provide managers and other stakeholders with the best opportunity to adapt to these impacts. Rapid assessment methods that can estimate the sensitivity of species to climate change in a wide range of contexts are needed. This study establishes an objective, flexible and cost effective framework for prioritising future ecological research and subsequent investment in adaptation responses in the face of resource constraints. We build on an ecological risk assessment framework to assess relative sensitivities of commercial species to climate change drivers, specifically in relation to their distribution, abundance and phenology, and demonstrate our approach using key species within the fast warming region of south-eastern Australia. Our approach has enabled fisheries managers to understand likely changes to fisheries under a range of climate change scenarios, highlighted critical research gaps and priorities, and assisted marine industries to identify adaptation strategies that maximise positive outcomes.
Introduction
Rapid ecological changes in the world's oceans present major challenges for regional resource managers and policy makers (Hoegh-Guldberg and Bruno 2010) . While climate change is a global phenomenon, species respond physiologically and behaviorally to the characteristics of their local environment. Unfortunately, the science needed to support regional-scale ecological understanding is immature and the likely magnitude and extent of effects remains largely unknown (MacNeil et al. 2010 ). This uncertainty reflects our poor understanding of how key drivers will individually and collectively affect ecosystem composition, structure and function (Fulton 2011; Walther et al. 2002) . There is a need to improve projections of the future status of individual species and ecosystems, and communicate these effectively to stakeholders to support the development of policies that minimise damaging impacts and maximise opportunities. However, in the absence of robust stock and ecosystem projections a risk-based approach to identifying emergent issues for policy and management is a pragmatic first step in preparing fisheries for adaptation to climate change. Such an approach is important to ensure that operational and strategic adaptation choices to address ongoing rapid climate change are appropriate for future rather than past conditions , and can proceed even in the absence of complete mechanistic understanding and predictive capacity.
Resource allocation to natural resource management is limited and investment in adaptation research, planning and implementation is no exception. The prioritisation of resources to inform adaptation of commercial fisheries could consider the economic value of fisheries, importance of species to ecosystem function, potential of species to respond favourably to adaptation interventions and/or the probability of persisting through significant environmental change (Hobbs and Kristjanson 2003) . A structured and transparent framework is needed to determine where the investment returns to further adaptation related activities such as research, policy development, and communication are likely to be greatest. Specifically, it would be beneficial to generate an understanding of which species or fishery related research activities will generate the most valuable information. Formal risk assessment methods (Scandol et al. 2009 ) such as Ecological Risk Assessment (ERA) can be used to estimate the relative probability of adverse events from identified environmental stressors. Such approaches have been useful for elucidating and prioritising risks from effects of fishing and management of data poor species . We developed an approach that draws on some of these risk-based methods.
South-eastern Australia is an ideal region to develop and demonstrate methods for identifying ecological sensitivities to climate change and prioritizing research to address the impacts of climate change on fisheries. Firstly, the region is a global hotspot for climate change with water temperatures off the east coast increasing at several times the global average (Ridgway 2007; Hill et al. 2008 ) and large increases in sea level and salinity are also predicted (Hobday and Lough 2011) . Secondly, climate-driven range extensions have already been documented in 45 fish species (Last et al. 2011) as well as urchins (Ling et al. 2009 ), bivalves and gastropods (Pitt et al. 2010) . Major declines in rock lobster recruitment have also been linked to ocean warming ). Thirdly, fisheries in south-eastern Australia are complex with a large number of species taken by diverse commercial, recreational and indigenous sectors using a wide range of methods (Smith et al. 2008) . These valuable fisheries within the region produce~50 % of Australia's seafood with a landed value of approximately $AUS1.1 B per annum (Australian Bureau of Statistics 2013). Lastly, political and social issues in this region are likely to complicate adaption to longer-term environmental changes. There are five marine jurisdictions (four States and the Commonwealth), each with different environmental and fisheries management legislation and systems , as well as the social considerations associated with resource access between commercial and recreational fisheries.
We conducted this study as part of a formal collaboration among five jurisdictions with the explicit aim to assist fisheries managers and other stakeholders in prioritising future research. We present an objective and transparent framework that can be easily adapted and applied to multispecies fisheries elsewhere to provide a rapid assessment of species sensitivity to climate change.
Methods
We used a three-step process to evaluate the relative sensitivity of key commercial fisheries species in south-eastern Australia to climate change impacts. Firstly, resource managers ranked 35 species according to an 'importance' score comprising equally weighted measures of economic (annual gross value of production), ecological (high, medium and low), and recreational (high, medium and low) importance. This step, which is not described further here, generated a set of 22 priority species . Secondly, literature reviews for each of the 22 priority species and species groups were used to create 'species assessment profiles', which described the life history stages and habitat usage of each species and identified the physical drivers that may be associated with climate change impacts. Thirdly, the species assessment profiles were used by an expert panel during two workshops, to undertake the ecological sensitivity assessments on each species and rank species according to their estimated sensitivity to climate change. Here we describe the last two steps.
Species 'assessment profiles' of climate change risks and drivers
The expertise-based 'species assessment profiles' underpinned the ecological sensitivity assessment on each of the 22 species or species groups detailed in online resource 1 (except 'Tunas, other' for which we referred to Hobday et al. (2009) ). Each profile was based on a template to collate existing data, literature and expert opinion on the fishery, species' life history and potential sensitivity and resilience to environmental change, current climate change impacts, and critical knowledge and data gaps. The species profiles provided a valuable resource for managers and a benchmark against which future change can be evaluated (see Pecl et al. 2011 ).
Ecological sensitivity assessment
We developed the sensitivity assessment methodology by modifying a previous approach known as the Ecological Risk Assessment for the Effects of Fishing (ERAEF) . However, in the present study, we recognise that climate change can impact on a species' abundance, distribution, or phenology. We therefore extend the productivity-based method described above by developing attributes to estimate not only changes in abundance, but also the relative sensitivity of species to changes in distribution and to changes in phenological characteristics, such as timing of spawning, moulting and migration.
Development of attributes and attribute criteria to estimate sensitivity
To develop appropriate attribute criteria for abundance, distribution and phenology we developed conceptual models of how these three measures of sensitivity could be impacted. Four criteria were agreed for each attribute category and extensive consultation was undertaken to develop the categories for these criteria (Table 1) .
Abundance An important aspect of resilience to climate change is the capacity for a species, population or ecosystem to recover from disturbance (Bernhardt and Leslie 2013, Sterk et al. 2013) . Indeed species with higher productivity are generally considered to be less vulnerable to extinction as they have greater capacity to compensate for any increases in mortality (García et al. 2008) . Here, we propose that higher productivity species may be less sensitive (more resilient) to longer term climate change stressors and low productivity species more sensitive (and less resilient) over the longer term. Although high productivity species may respond quickly to short-term environmental variability, in both positive and negative contexts (Rijnsdorp et al. 2009 ), evidence from the extinction literature shows that species with higher productivity are generally more resilient over longer time scales (Roy et al. 2001) . Fisheries literature also documents many population declines for slow-growing low-productivity species (Musick et al. 2000) .
Abundance changes for many species can be described by a logistic equation, with abundance increasing if the rate of change is positive, and decreasing if it is negative. Logistic growth is represented as:
where the rate of change of biomass of a species, dB dt , is a function of the current amount or extent of the species (B), its intrinsic rate of increase (r), and its carrying capacity (K). Although direct measurements of r and K would be preferred, these are rarely available and thus a set of attribute criteria that are correlated with r and K were selected (sensu ).
Distribution Dispersal is a key step for a species undergoing distributional change and was therefore used as a proxy for capacity to change distribution. An invasion process model, was used to underpin the selection of dispersal attribute criteria (Kolar and Lodge 2001; Bates et al. 2014) .
arrival→colonisation=survival→establishment→spread=expansion Phenology We developed criteria based on how climate change may impact the timing of species life-cycle events (phenology). For example, species with seasonal life-cycle events that are influenced by environmental variables, such as temperature, will be more sensitive to climate change impacts than those species where the timing of their life-cycle events is related to variables such as day length. Furthermore, sensitivity to temporal mismatches of life-cycle events were assessed with regard to spawning, breeding or moulting season as appropriate.
Scoring of attributes and ranking of species sensitivity
Two workshops consisting of the same expert panel members were held to refine the sensitivity assessment methodology, trial the assessment process and complete the preliminary assessments. The scoring of criteria in each attribute category was limited to a scale of 1-3, representing 'low', 'medium', and 'high'. A rating of 'high' reflects an attribute that is very sensitive to climate change (i.e. not particularly resilient). This three-level scoring technique was reviewed following analysis of preliminary results stemming from the first workshop, which confirmed that a scale of 1 to 3 showed sufficient resolution between species, as demonstrated in other risk-based approaches ). The scoring system could be used by a wide range of experts and a high-med-low scale reduced focus on having a 'precise value' for each attribute, which was particularly useful when data was limited. Individual attribute scores for each criteria were averaged to yield separate scores for abundance, distribution and phenology (thus a range [1-3]). These scores were then added (range [3] [4] [5] [6] [7] [8] [9] ) to produce an overall score of sensitivity across the selected fishery species. Ecological sensitivity assessments were completed at the species level (except for eastern and western Australian salmon where one assessment was produced for the two species), for a total of 35 assessments performed for the 22 species or species groups.
Workshop participants developed consensus scores, and each of the species sensitivity assessments was reviewed by the species experts in developing the assessment profile . Where data was lacking the score was agreed to be on the higher side of the range (i.e. more sensitive to climate change-a conservative and precautionary approach) following previous risk assessment practice (e.g. ).
Results
The species examined were diverse and involved a range of jurisdictions, habitats and fishing methods (online resource 1). More than half of the species were subject to multi-jurisdictional harvest, with some (e.g. small pelagic fishes and flatheads), harvested in all five jurisdictions.
More than half of the species were considered recreationally important, with recreational catches exceeding the commercial catch in some species (e.g. black bream and King George whiting). The biology of the species was also diverse, with molluscs, crustaceans, teleosts, and elasmobranches represented. Species utilized a wide range of benthic, demersal and pelagic environs, including estuarine, neritic, and oceanic waters and rocky reef, soft sediment and vegetated substrates. Juvenile stages commonly occupied a different habitat to the adult stages, typically inhabiting shallow coastal waters and estuaries. Some species had large-ranging cosmopolitan distributions (e.g. large pelagic fishes and blue swimmer crab) and others had more restricted distributions (e.g. eastern king prawn, school prawn, and dusky flathead). All species were broadcast spawners with a pelagic larval phase, except for gummy sharks and southern calamari; however, the duration of the larval stage varied between species (e.g. <2 weeks in abalone and 1-2 years in southern rock lobster). Species occupied a range of trophic levels, from detritivores and herbivores to apex predators.
Increasing ocean temperature was overwhelmingly the most commonly cited climate change driver, particularly in relation to physiology and phenology of the species (Table 2 and online resource 2). Growth rates, susceptibility to disease, timing of spawning events and migrations, rates of larval development and survival, and alterations to levels of reproductive output were all commonly identified as potentially affected by changes in temperature. However, such relationships were largely predicted (rather than based on historical observations) and generally categorised as having low certainty (southern rock lobster was the exception), due to the paucity of information available. A broad range of taxa were described as currently undergoing range shifts or predicted as likely to undergo range shifts in the future. Such impacts were described with a medium to high certainty. Range shifts in non-target species, which have ecological ramifications for the target species, were also detailed (online resource 2). These 'secondary' biological drivers are highlighted as key issues for several species. Abalone and southern rock lobster, for instance, are currently impacted by increases in sea urchin numbers and a decline in habitat quality in Tasmania (Ling et al. 2009 ).
3.1 Ecological sensitivity to climate change 3.1.1 Analysis at the attribute category-level Overall, no species were classed as having extremely high or extremely low sensitivity (e.g. all attribute scores of 3 or 1) with averaged scores for each attribute category ranging from 2.75 to 1.25 (Fig. 1 ) from a possible range of 3 to 1. The detailed results of all of the sensitivity assessments, with scores for each criteria and attribute, are presented in online resource 3. The abundance attribute showed the least resolution between species with only four unique scores generated for the 35 assessments. The distribution attribute showed the highest level of resolution with seven unique scores showing the greatest amount of variation among species (ranging from 2.75 to 1.25). In terms of abundance, all 35 species had relatively low sensitivity, with only three species receiving a score of >2 (mean ± SE: 1.61±0.04). On average, species were most sensitive in regards to the phenology attribute (mean: 2.11±0.05). There was no significant correlation between any pair of attribute categories (i.e. abundance and distribution, abundance and phenology, distribution and phenology) indicating each attribute was independent from the other two and provided additional information to the analysis.
Analysis at species-level
Abundance The abundance attributes grouped species into four discrete levels (Fig. 1) . Black bream, blue grenadier and gummy shark were ranked the most sensitive in regards to Table 2 Summary of key climate change drivers, current and predicted, outlined in the species assessment profiles (summarised from Pecl et al. 2011) . Relative level of impact: high (***), medium (**), and low (*). '?' indicates a high level of uncertainty abundance indicating a comparatively poor capacity to increase. A diverse range of species, from abalone to snapper, were moderately sensitive, while some small pelagic and short-lived crustaceans like prawns and blue swimmer crabs were the most resilient (i.e. with the greatest capacity to increase in abundance).
Distribution Scores for distribution were grouped into seven levels providing additional resolution for ranking (Fig. 1) . The four most sensitive species in regards to distribution were all benthic invertebrates (green and black lip abalone, southern rock lobster and scallops), which, except for scallops, are associated with rocky reefs. Other benthic invertebrates (prawns and crabs) had moderate to low sensitivity. Apart from the large pelagic fishes which were the least sensitive, there was little pattern among species groups. Although 'spatial availability of unoccupied habitat' is a criterion within the distribution attribute, known 'range extenders and range contractors' sometimes remained clustered together (e.g. snapper and garfish).
Phenology The phenology attributes provided six levels of differentiation among the species (Fig. 1) . All three prawn species and one crab species had high sensitivity scores in relation to phenology. In contrast, spanner crabs were positioned at the other end of the spectrum; however, there was a high degree of uncertainty associated with this species. Species groups, such as the small pelagic fishes and flatheads, were also clustered together.
A ranking of species overall sensitivity was obtained by summing and ordering the distribution, abundance and phenology scores for the 35 species (1 = lowest sensitivity, 35 = highest sensitivity), yielding 10 discrete levels of overall sensitivity (Fig. 2) . Species were allocated a final sensitivity designation based on splitting the group of 35 species into approximate quarters using clear breaks in the rankings as a guide (Fig. 2) . The top eight most sensitive species represent a diverse range of taxa, including gummy sharks, abalone, and prawns, from a range of habitats, including rocky reef, estuaries, and the deep sea. Several of Table 2 for the criteria used to define each attribute the species in this high-sensitivity group, such as abalone, southern rock lobster, black bream and King George whiting, are already showing responses consistent with climate change impacts, some with a high degree of certainty (e.g. southern rock lobster). Other species in this high sensitivity group, including scallops and grenadier, were associated with large data gaps and a large degree of uncertainty due the lack of information available to underpin their allocation to sensitivity categories. The small pelagic species were generally split into two groups in all the attribute rankings-with the sprats, jack mackerel and redbait, designated as moderately sensitive and the anchovy, sardines and blue mackerel allocated as the least sensitive.
Discussion
Changes in the distribution, abundance and species composition of commercial, recreational and indigenous fisheries resources has occurred in the past, and fishers have generally adapted (Hodgkinson et al. 2014) . Future changes may be more dramatic, intense or pervasive than those caused by historical climate variability and stakeholders will need to adapt to these additional changes Hodgkinson et al. 2014 ). Adaptation will need to focus on minimising exposure to risks, which could be avoided or reduced given thoughtfully designed adaptive actions. It is imperative that stakeholders, including industry participants and managers, are proactive in positioning themselves to undertake a strategic and structured approach to adaptation planning and engage in subsequent actions to minimise losses and Fig. 2 Overall ranking of wild capture fishery species sensitivity based on an average of all attributes (distribution, abundance and phenology). Black columns = species which are predicted to undergo a range extension; grey columns = species which are predicted to undergo a range contraction maximise opportunities arising from climate change (Frusher et al. 2013 ). However, not all threats identified will be responsive to anticipatory actions, thus focusing on threats with the greatest future cost and that are most responsive to action will be critical. Moreover, successful adaptation planning is not just about implementing strategies to minimise vulnerabilities and potential losses, it is also concerned with ensuring preparedness to transform new opportunities into comparative advantage (Hodgkinson et al. 2014) .
The ecological sensitivity assessment presented here is being used to inform decisions about future research and investment in understanding climate impacts for fisheries in the rapidly warming south-eastern Australia region. Our results suggested that the three species that underpin the region's most valuable fisheries-southern rock lobster (Jasus edwardsii), greenlip abalone (Haliotis laevigata) and blacklip abalone (H. rubra)-are also the species with the greatest ecological risk to potential climate change impacts. Other high-sensitivity species identified included black bream (Acanthopagrus butcheri), commercial scallops (Pecten fumatus), school prawns (Metapenaeus macleayi), blue grenadier (Macruronus novaezelandiae) and King George whiting (Sillaginodes punctatus). Importantly, catches of almost half of the species considered in this study have declined in recent years. Other stressors that may have been associated with these decreases in catch could also reduce the capacity of these species to cope with the effects of climate change. Examples of these additional stressors include overfishing (blue grenadier), habitat loss (garfish), degradation of seagrass beds (flatheads and black bream), and pollution in intertidal zones (blue swimmer crabs and western king prawns) or juvenile nursery areas (snapper).
As expected the attributes of distribution, abundance and phenology varied in their utility as individual measures for assessing the relative sensitivity of fisheries species to climate change. For example, the abundance scores for the species considered were consistently high, reflecting the high productivity potential that is characteristic of most commercially exploited species. Few of the species considered in this analysis were at the lower end of abundance potential; this attribute alone provided limited resolution of the relative sensitivity of these species to climate change. Evidence to suggest recruitment of rock lobster may have already been reduced by climate change ) further emphasises the value of using information collated in the species assessments to help inform interpretation of relative sensitivity.
The greater variation observed in distribution scores compared to abundance scores may reflect the wider range of traits that underpin the distribution attribute criteria. Distributional changes, or range shifts, are thus far the most commonly reported response to marine climate change (Poloczanska et al. 2013) . A change in distribution was the major historical impact of climate change documented and the most consistently predicted impact in the individual species assessments. Five of the eight species identified as high sensitivity have ranges that are expected to contract with ongoing climate change, whereas three of the species are considered likely to undergo range extensions. However, some species with a high potential for range shifts will be negatively impacted as the amount of suitable habitat is reduced (e.g. species that can only contract due to a lack of suitable habitat south of Tasmania); others in this category may represent opportunities as they shift polewards from sub-tropical regions to waters further south. Thus, it is important to note that designation as high sensitivity to changes in distribution does not automatically imply negative consequences if other stressors can be managed (e.g. fishing, pollution) and critical life history or ecological processes (e.g. predatorprey relationships) are not impacted negatively. However, species of commercial or recreational value that undergo range extensions or shifts can provide new opportunities, but may also confer ecological risks to their new ecosystems (Madin et al. 2012 , Bates et al. 2014 ). There are also social and economic challenges for communities that gain or lose species.
Optimising the management and allocation of these resources will be a challenge for resource managers. As range extensions associated with increases in temperature are likely to be a major issue in south-eastern Australia, understanding of ecological implications and management options is a priority.
Of the three attribute categories scored, phenology appeared the most valuable as an individual measure for assessing the relative sensitivity of fisheries species to climate change. However, this may have related to the tendency to score phenology attribute criteria as higher risk due to the lack of information available for most species. Changes in the timing of life cycle events can have significant consequences as the level of response to climate change drivers may vary across trophic levels resulting in mismatches (e.g. between predator and prey) (Edwards and Richardson 2004) . Phenological responses to climate change thus may act as 'deal breakers'-where the response of one attribute of a species or population may override any other capacity to cope or respond positively to climate change. If current patterns and rates of phenological change are indicative of future trends (Thackeray et al. 2010 ) trophic mismatching may disrupt the functioning, persistence and resilience of many ecosystems and increase the risk of population extinctions. Temperate marine environments may be particularly vulnerable to phenological changes as recruitment success of higher trophic levels is usually dependent on synchronization with planktonic production (Edwards and Richardson 2004) . Resolution of the mechanisms and drivers underpinning rates of phenological change is crucial to projecting the impacts of these changes and should be a focus of future research (Thackeray et al. 2010) .
Ecological risk assessment can play an important role in natural resource management based on adaptive principles, and has become widely developed in recent years (Cortés et al. 2010) . However, predicting ecological responses to environmental change is challenging and predictions are necessarily laden with caveats. Additionally, our limited understanding of the potential flow-on or indirect effects means that sensitivity assessment at the individual species level may mask potentially important ecosystem-level vulnerabilities. In assessing the risk to these key species, we have focused on direct impacts. Indirect (e.g. climate impacts on habitats), cumulative (e.g. climate impacts as a result of changes in both pH and temperature) and trophic impacts (e.g. changes felt through the food chain) could be included in an assessment, but information to assess these other risks is not available in our region. Model-based studies offer an alternative way to evaluate these additional factors (Griffith et al. 2011; and may be a viable alternative to collection of new data. Unfortunately limited attention has been given to exploring ecosystem interactions in most species unless there are broad scale impacts such as the macroalgal loss associated with urchin invasions. Predator-prey relationships, especially in early life history phases may significantly alter a species ability to expand range or change in abundance and further research in this area is warranted.
Workshop discussions and broader consultation undertaken as part of this study indicated a high degree of confidence among participating scientists that the assessment methodology developed was applied consistently across the fishery species and species groups, provided a robust approach for comparing the relative sensitivity to climate change, and would be easily adapted to other species and/or regions. Analysis of ecological risks within a strategic framework does not eliminate the potential for surprises, but it does provide transparency and the process can be repeated and extended as more information becomes available. Indeed, risk or sensitivity assessments are ideally updated periodically as new knowledge is generated, more monitoring is conducted and/or process-based understanding is developed. Riskreduction strategies developed from this improved understanding can play an important role in best-practice natural resource management.
An obvious approach to utilising the outcomes of an ecological sensitivity assessment is to focus future attention on species or species groups that are estimated to be most sensitive. A strength of our analysis is that it identifies in what regard a species is considered most sensitive (e.g. in terms of potential changes to abundance, distribution or phenology), enabling resource managers to better prioritise what type of monitoring, intervention or planning may be required given limited resources. For example, monitoring to assess any potential shift in a spawning season, so that temporal closures to protect spawning stock can maintain effectiveness, may be prioritised over biological sampling to identify any trends in biological characteristics or surveys to assess shifts in distribution.
Given sufficient resources, we advocate extending our approach in two important directions. The first is to include ecological metrics for 'Exposure' and 'Adaptive Capacity' so that a full ecological vulnerability framework can be developed as proposed by the IPCC and United Nations Framework Convention on Climate Change. The second is to link our specieslevel ecological assessments to the social and economic components of fisheries systems. A useful step in doing this is to 'unpack' the social and economic attributes of such systems that contribute to their ability to cope with predicted changes in abundance, distribution and phenology. For instance, van Putten et al. (2013) identify several areas of low economic resilience, linked largely to fishing sector-and business-level attributes, in the ecologically sensitive Tasmanian rock lobster fishery. We also suggest embedding our approach within a broader integrated socio-ecological vulnerability assessment framework, such as that developed by Marshall et al. (2013) and applied recently to coral reef fisheries (Cinner et al. 2013) . While ecological sensitivity is an important building block of ecological vulnerability, overall vulnerability of fisheries systems will also be determined by the sensitivity to climate change impacts of fisheries participants and stakeholders and their adaptive capacity. This is an important step in the development of the adaptation strategies needed to ensure the resilience of fisheries industries and communities.
Several additional issues may warrant deliberation when the outputs of such vulnerability assessments are considered and priorities for action considered. Managers may choose to address identified risks that may be most amenable to management intervention, and consider the availability of data to measure effectiveness of adaptation actions. Finally, cases where modest advance action could significantly reduce future costs that can illustrate to stakeholders the potential for constructive climate change adaption may be a priority particularly given skepticism towards climate change shown by some stakeholders (Nursey-Bray et al. 2012) .
Conclusions
In this assessment we have identified major knowledge gaps for most species, including environmental tolerances of key life stages, sources of recruitment, population linkages, critical ecological relationships (e.g. predator-prey interactions), phenological relationships, and likely responses to lowered pH. Given these large gaps in understanding no species was classed as 'low risk' to potential climate change impacts. However, a risk-based approach to identifying the key scientific issues that are relevant to policy decisions and management arrangements will be critical for ensuring the effective deployment of limited public resources. Our ecological sensitivity assessments and the targeted scientific studies that are following from this prioritisation are necessary for ensuring that the potential impacts of climate change on key marine resources are identified and communicated effectively to stakeholders. This approach will help ensure the development of policies that allow the fishing industry to minimise adverse effects by optimising adaptation responses (e.g. by providing flexible management arrangements) and seizing opportunities as they arise (e.g. for species where productivity increases).
